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have been reported. In general, high-LET radiations are far more cytotoxic
and oncogenic than low-LET radiations such as x rays or gamma rays.
Furthermore, the RBE for oncogenic transformation and cytotoxicity in-
creases with increasing LET of the radiation. Hence, if the transformation
frequencies for each type of high-LET particle are plotted against the cor-
responding survival values, the curves obtained cannot be superimposed.
This suggests that there is a real difference in the RBE between cell killing
and transformation (He88, Ya85) and also indicates that there is a signifi-
cant frequency of transformation at doses of high-LET radiations that have
very little effect on cell survival.

Figure 3-2 (Ha87a) shows survival and transformation data for gamma
rays and high-LET helium-3 ions. The cell survival curve for gamma rays
has a broad initial shoulder, while that for helium-3 ions is an exponential
function of dose. For high-LET particles, the transformation frequency
peaks at a much lower dose than for gamma rays and reaches a value that
is higher by a factor of about 5 than is the case for gamma rays (Ha87a).

Neutrons are also highly effective at inducing transformation. Figure
3-3 shows the variation of RBE with neutron energy over a wide range,
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FIGURE 3-2 Cell survival curves and dose response relationships for oncogenic trans-
formation for C3H10T1/2 cells irradiated with either gamma rays or high-LET helium-3
ions. Transformation frequencies are expressed in two ways; per surviving cell and per cell
initially at risk (Ha87a).